Abstract-Wireless networks provides convenience for people's daily life. Communication links in wireless environment will be affected by various kinds of interference. Mutual interference between multiple uses is one of the most important problems in the future networks. We proposed two algorithms to solve the problem of mutual interference between multiple users in cognitive WLAN. Our algorithms are based on cooperative transmitting. Finally, the simulation results show that our proposed algorithms can support more users to access to the networks simultaneously.
I. INTRODUCTION
Cognitive radio is considered to be a key technology of the next generation mobile communication system. It is one of the effective technologies for solving the problem of lacking frequency spectrum resources. The core technology of cognitive radio networks contains: spectrum sensing, spectrum accessing control, cooperative communication technology and interference suppression, etc [1] [2] [3] .
Cognitive radio technology has been researched deeply and applied in many fields, such as wireless local area networks, ad hoc networks, broadcasting television networks and so on. But it is still remain some issues to be solved. Multi-user communication and mutual interference is the main issue. Primary user and secondary users will transmit data symbols together or multiple secondary users will transmit together [4] [5] [6] . In other words, one large cognitive radio network will contain a large numbers of terminal users and wireless access points. How to make full utilization of space-timefrequency resource? What can we do to deal with mutual interference, when multiple users transmit data symbols simultaneously?
Recently, interference alignment has been proposed to achieve the optimal degree of freedom in single-input single output (SISO) interference channel (IC). Some studies are to achieve the interference alignment in signal scale. For the interference alignment in signal scale, multi-user interferences at each receiver are aligned based on specific signal structures [7] [8] [9] [10] . The others are to achieve the interference alignment in signal space.
For the interference alignment in signal space, transmitting pre-coding technique is used to align the multi-user interferences, that is, to restrict all interference to the same signal space which is separate form the desired signal space at each receiver.
Interference alignment schemes are presented in [11] [12] [13] [14] [15] in the form of the transmitting pre-coding matrices with closed-form expressions. However, these closed form solutions require global channel knowledge and are only available in certain cases. Distributed interference alignment algorithms are presented in this paper, which require only local channel knowledge at each node.
In this paper, we provide two interference cancellation approaches for the MIMO cognitive WLAN through joint transmitter and receiver design. First, we will discuss the transmitting signal spatial pre-coding technique. It is used to align the multi-user interference, so the throughput of cognitive WLAN could be further enhanced by using this approach. We will propose a approach based on transmitting time delay. It separates access point's receiving signal by odd time slot and even time slot, thus expected signal and unexpected signal, i.e. interference signal are separated for clients. So this approach can support more clients to transmit data symbols to APs. Secondly, we propose an interference cancellation approaches for one AP and two cognitive users system of MIMO WLAN. This algorithm can separate those transmitting data symbols from different transmitting cognitive users. It is a new method to achieve MIMO communication without adopting spatial-time-block-code (STBC).
II. CONGNITIVE WLAN USING MIMO TECHNOLOGY
In a cognitive radio networks, there will be exist both the primary user and secondary users. They will transmit data packets together. So these users will surely have mutual interference. A cognitive radio networks consisting of a set of primary users and a set of secondary For example, one wireless access point (AP) has two antennas, at the same time a user also has two antennas. They compose a 2×2 MIMO pairing as shown in Fig. 2 . By adopting MIMO technology, the wireless local area networks may enhance its throughput 2 times of the traditional single antenna system. Through these two MIMO antennas, they may transmit two data packets simultaneously [16] [17] [18] [19] [20] . The receiver may also decode these two data packets by two antennas simultaneously, namely, two antennas 1 y , 2 y of the AP receive linear combination of the two data packets 1 p , 2 p separately.
The AP may decode these two receiving data packets 1 p , 2 p simultaneously. Thus it can be seen, the throughput of the wireless local area network using MIMO technology is restricted by the quantity of AP's antenna or client's antenna. Exactly, the throughput is decided by the fewer quantity of the antenna either AP or client [21] [22] [23] [24] [25] . For example, the AP has 2 antennas, and the client has 3 antennas, then they can only transmit 2 data packets simultaneously; similarly, if the AP has 3 antennas, but the client has 2 antennas. They can also only transmit 2 data packets simultaneously. But throughput of the system may no longer be restricted by quantity of the antenna through using our proposed algorithm in the following content.
Ⅲ. ALGORITHM FOR ENHANCING THROUGHPUT OF CONGNITIVE MIMO WLAN
Currently, we suppose a local area network has two APs and two users, as shown in Fig. 3 . If we do not use the special algorithm or the anti-interference technology, these two users cannot transmit data packets simultaneously [17] [18] [19] [20] . In Fig. 3 , if user1 transmits two data packets, and user2 transmits one data packet, then the AP1 will receive these three data packets simultaneously. Similarly, the AP2 will also receive these three data packets simultaneously. But these two APs have only two antennas separately. It is impossible for them to decode three data packets 1 p , 2 p and 3 p all together, namely, two equations include three unknowns can not be decoded. p might be decoded completely.
Ⅳ. MULTI-USERS COOPERATIVE MIMO WLAN
We consider an uplink 3×2 MIMO WLAN system shown in Fig 5. This network consists of 3 users with single antenna and one base station with two antennas. In this wireless network there is a propagation delay associated with each channel. In particular, we assume that the propagation delay is equal to one symbol duration for all desired signal paths and two symbol durations for all paths that carry interference signals [26] [27] [28] [29] . The outputs at receiving antennas are defined separately as (3), (4).
( 2) ( ) 
e y n h p n = −
o y n h p n h p n = − + −
As the same, even time slots and odd time slots receiving signal at antenna 2 of the AP can also be defined as (7), (8). 
o y n h p n h p n = − + − We may see from the formulas above that it is easy to decode the receiving signal when we separate the receiving signal time slot into odd time slot and even time slot. From (5) and (7), we may decode 1 p and 3 p directly, certainly, this can be worked out only in the situation that the channel parameters 11 h and 32 h are already estimated. Then, we substitute 3 p into (6) h and 22 h . Compared with the traditional 2×2 MIMO, this kind of method which separates the time slot into odd time slot and even time slot by using time delay will be wonderful to separate the expected signal and the interference signal. This method has these following merits. First, it can support more users to transmit data packets simultaneously. Secondly, each client has only one antenna. Thus, it reduces the complexity of client's equipment. Thirdly, supporting more users at the same time has not increased the quantity of channel parameter estimation. Although this method has merits as stated above, it causes the throughput of the system in fact dropped. In order to solve this problem, we make a improvement to the algorithm as follows.
Let the number of uplink client increase to 4, namely, we suppose AP and users compose a 4×2 MIMO system, as shown in Fig. 6 . Figure 6 . 4×2 V-MIMO using propagation delay
As the front analysis, we express the receiving signal at AP's two antennas separately as (9) , (10 
Obviously, we can decode 1 p and 4 p from (11) and (13). We substitute 1 p and 4 p into (12) and (14), we get
The above equation is similar with traditional 2×2 MIMO, as long as the rank of the channel matrix 21 31
We might decodes 2 p and 3 p simultaneously. These four single antenna clients and the AP with two antennas will compose a MIMO system which can decode 4 data packets simultaneously. Compared with the traditional 2×2 MIMO, this algorithm has supported more users and has not reduced system's average throughput.
Ⅴ. ALGORITHM FOR IMPROVE QUANTITY OF CLIENT
The above algorithms are all based on different transmitting delays of different transmitter and receiver pairs. Here we propose a new algorithm which we call it distributed interference alignment. We explain this algorithm by giving an example. This cognitive network contains one access point and two clients which is shown in Fig. 7 . The observation equations can be written as [11] 
We make [11] ( )
So we can decode 1 x from the observation equation.
Then we have two equations and two unknowns, i.e., 2 x and 3 x . We can decode 2 x and 3 x separately.
We can find [1] V , [2] V and [3] V to satisfy the above conditions. For example, [1] [0,1] H [21] H [1] V [2] V [3] V [11] [1] H V [11] [2] H V [21] [3] H V Figure 7 . 2×1 MIMO using interference alignment Through this distributed interference alignment, one AP with two antennas can support two clients each of them has two antennas. So the total throughput of the cognitive WLAN networks will be increased.
Ⅵ. SIMULATION RESULTS
In this part, we do some simulations to show the superiority of our proposed algorithms. In Fig. 8 and Fig.  9 , we simulate the difference between real transmitting signal value and restorative transmitting signal value, when the channel matrix is random based on our proposed algorithm in part four. Fig. 8 , the real transmitting signal value has certain difference with the restorative transmitting signal value. But in Fig. 9 , difference between the real transmitting signal value and the restorative transmitting signal value is small by applying the proposed algorithm based on time delay. From these above simulation results, we can obtain the following conclusions. We introduce an algorithm which is shown in part four. This cognitive WLAN network consists of multi-users with single antenna and one base station with two antennas. It separate signal into expected user signal and interference user signal mainly using transmission time delay through odd time slot and even time slot. Thus multi-users' data packets can be decoded simultaneously.
Compared with the traditional 2×2 Virtual-MIMO, this algorithm mainly has two merits. First, it may support more single antenna users to access to the uplink network simultaneously. Secondly, pairing user's selection is optional. It does not need pairing strategy or only some partial users need to apply pairing strategy. We may see through the above research and analysis that although this algorithm has such merits, multi-users system's average throughput has not increased. How to maintain the above merits and enhance system's throughput will be the further work waiting for solution. Figure 10 . Proposed algorithm using pre-coding vector Fig. 10 show the BER curve of our proposed algorithm using pre-coding vector as mentioned in part five. We can see that these three data packs can all be decoded. This indicates the effect of our proposed algorithm. At the same time, we will find that the BRE performance of signal 1 is much better than signal 2 and signal 3. This is rational. Because that we decode signal 1 from the observation equation firstly. That is to say, as long as we find an orthogonal vector which we call it decoding vector, then signal 1 can be decoded easily. But the performance of signal 1 will affect the performance of signal 2 and signal 3.
.
Ⅵ CONCLUSION
In this paper, we proposed two algorithms for improving the performance of cognitive WLAN network. The first algorithm separate data packs into expected signal subspace and interference signal subspace. It can be apply in cognitive WLAN with multiple secondary users. It can improve the throughput of the network with mutual interference between multiple users. We implement this algorithm by propagation time delay. We separate expected data packets and interference data packets into odd time slot and even time slot. This method can support more secondary users to access to the cognitive network simultaneously. Finally, we proposed a distributed interference alignment algorithm. One base station can support two users together. Our future work is trying to find available pre-coding vectors and decoding vectors. As long as we find these available vectors, then we can support more users to access to a cognitive WLAN simultaneously.
